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(57) Abstract 

A method is provided for exciting vibrations in a piezoelectric motor having a plurality of electrode sets, each set comprising at 
least one first electrode and at least one second electrode between which AC voltages are applied to excite vibrations in the piezoelectric 
motor, the method comprising: coupling an AC power source to the at least one first electrode and at least one second electrode of a first 
electrode set; electrically connecting the at least one first electrode to the at least one second electrode of a second set of electrodes with a 
non-zero impedance that is substantially less than an impedance between them resulting from stray capacitive coupling; and energizing the 
power source to apply an AC voltage difference between tfie at least one first electrode and at least one second electrode of the firet set of 
electrodes to excite the vibrations. 
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METHOD AND APPARATUS FOR DRIVING PIEZOELECTRIC MOTORS 

FIELD OF THE INVENTION 
The invention relates to piezoelectric motors and in particular to methods for powering 
piezoelectric motors iising resonant circuits. 
5 BACKGROUND OF THE INVENTION 

Generally, a pi^oelectric micromotor is driven with a high voltage AC driving circuit 
that apphes an alternating polarity voltage difference between at least one first electrode and at 
least one second electrode conq)rised in the piezoelectric micromotor. The frequency of the AC 
voltage difference applied to the electrodes is close to a desired frequency of vibration of the 
10 piezoelectric motor. To assure proper operation of the motor, the power supply is electrically 
matched to electrical characteristics of the motor so that power is efficiently transmitted to the 
motor at the desired frequency of vibration. The at least one first electrode, hereinafter referred 
to as a first "driving electrode", and at least one second electrode, hereinafter referred to as a 
second "driving electrode", define a "driving set* * of electrodes of the piezoelectric motor. 
15 Often a piezoelectric motor comprises more than one driving set of first and second 

driving electrodes. Different driving sets of first and second driving electrodes are electrified 
to excite differrat desired vibration modes in the piezoelectric motor. Electrodes that are 
electrified by direct coimection to a driving circuit while exciting a desired vibration mode are 
said to be active electrodes and a driving set to which the electrodes belong is said to be an 
20 active driving set. Electrodes that are not electrified by direct connection to the driving circuit 
while exciting a particular vibration mode and the driving sets to which they belong are said to 
be passive. Passive electrodes are either floating or grounded. 

Transmission of power to a desired vibration mode of the piezoelectric motor is 
generally sensitive to changes in stray capacitance between passive electrodes and ground and 
25 changes in capacitance between conducting wires, hereinafter referred to as "driving lines" that 
coimect the driving circuit to the piezoelectric motor. Hereinafter, stray c^acitance to ground 
and capacitance between driving lines are referred to generically as stray capacitance. Changes 
in stray capacitance generate mismatches between desired resonant vibration frequencies of the 
motor and frequencies at which power is efficiently transmitted from the driving circuit to the 
30 motor. These mismatches can substantially degrade the p^formance of the piezoelectric motor. 

In particular changes in stray capacitance are caused by changes in the lengths the 
driving Unes used to coimect the driving circuit to the motor. For example, assume that the 
driving circuit is matched to a resonant frequency of the piezoelectric motor and fliat the 
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CLAIMS 

1. A method for exciting vibrations in a piezoelectric motor having a plurality of electrode 
sets, each set comprising at least one first electrode and at least one second electrode between 
which AC voltages are applied to excite vibrations in the piezoelectric motor, the method 
5 comprising; 

coupling an AC driving circuit to the at least one first electrode and at least one second 
electrode of a first electrode set; 

electrically connecting the at least one first electrode to the at least one second electrode 
of a second set of electrodes with a non-zero impedance that is substantially less than an 
1 0 impedance between them resulting firom stray capacitive coupling; and 

energizing the driving circuit to apply an AC voltage difference between the at least one 
first electrode and at least one second electrode of the first set of electrodes to excite the 
vibrations. 

15 2. A method according to claim 1 wherein electrically connecting the at least one first 
electrode to the at least one second electrode of the second set of electrodes comprises 
connecting them with a first capacitor having a capacitance substantially larger tiian a 
capacitance between them resulting firom stray capacitive coupling. 

20 3. A method according to claim 2 wherein connecting a first capacitor comprises closing a 
switch, which switch is operable to be open or closed to respectively disconnect the first 
c^acitor from the electrodes and connect the first capacitor to the electrodes. 

4. A method according to claim 3 wherein coupling an AC driving circuit to the at least 
25 one first electrode and at least one second electrode of the first electrode set comprises opening 

a switch, which switch is operable to be open or closed to respectively disconnect a second 
C2q)acitor fi:t)m between the electrodes and coimect the second capacitor between the electrodes. 

5. A method according to claim 2 and comprising connecting the at least one first 
30 electrode to the at least one second electrode of the first electrode set with a second capacitor 

having a capacitance substantially larger than a capacitance between them resulting firom stray 
capacitive coupling. 
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